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(54)  Comb-line  filter  including  distributed  constant  line 

(57)  The  invention  provides  a  comb-line  filter  (10) 
including  a  distributed  constant  line,  comprising:  a  plu- 
rality  of  resonators  (3,  4)  each  comprising  said  distrib- 
uted  constant  line  having  an  open  end  and  a  grounding 
end;  a  first  grounding  electrode  (2)  connected  to  each  of 
said  grounding  end  of  said  resonators  (3,  4);  at  least  two 
of  said  resonators  (3,  4)  put  in  proximity  to  each  other 
and  arranged  side  by  side;  an  input  electrode  (5)  and  an 
output  electrode  (6)  respectively  capacitance-coupled 
to  two  of  said  open  ends  of  said  resonators  (3,  4)  which 
are  located  the  farthest  from  each  other;  and  a  second 
grounding  electrode  (11)  capacitance-coupled  to  said 
input  electrode  (5)  and  said  output  electrode  (6)  threre- 
between. 

The  attenuation  value  in  the  rejection  band  can  be 
improved. 
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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  invention  5 

[0001  ]  The  present  invention  relates  to  a  comb-line  fil- 
ter  including  a  distributed  constant  line.  More  particu- 
larly,  the  present  invention  relates  to  a  comb-line  filter 
including  a  distributed  constant  line  for  used  in  a  RF  w 
stage  of  a  mobile  communication  apparatus. 

2.  Description  of  the  Related  Art 

[0002]  Fig.  7  shows  an  example  of  a  conventional  15 
comb-line  filter  including  a  distributed  constant  line. 
[0003]  The  comb-line  filter  1  is  composed  of  an  input 
electrode  5,  an  output  electrode  6,  and  microstrip-line 
resonators  3  and  4  each  comprising  a  distributed  con- 
stant  line,  the  length  of  which  is  approximately  one  20 
fourth  of  the  wavelength  of  an  intended  frequency,  one 
end  of  which  is  used  as  an  open  end,  and  the  other  end 
of  which  is  used  as  a  grounding  end.  The  grounding  end 
is  connected  to  a  first  grounding  electrode  2. 
[0004]  Here,  the  two  resonators  3  and  4  meanderingly  25 
bent  are  closely  arranged  side  by  side  so  that  the  linear 
portion  on  the  side  of  the  grounding  end  of  each  of  the 
resonators  connected  to  the  grounding  electrode  2  is 
coupled  to  each  other,  and  the  open  end  of  each  of  the 
resonators  is  connected  to  the  input  electrode  5  and  the  30 
output  electrode  6  respectively  through  pairs  of  comb- 
like  electrodes  7  and  8  made  up  of  two  mated  comb-like 
electrodes  facing  each  other.  Also,  the  input  electrode  5 
and  the  output  electrode  6  are  connected  through  a  pair 
of  comb-like  electrodes  9  made  up  of  two  similarly  35 
mated  comb-like  electrodes  facing  each  other.  The 
comb-line  filter  including  a  distributed  constant  line  1  is 
provided,  for  example,  on  the  front  surface  of  a  dielectric 
substrate  on  the  total  back  surface  of  which  a  grounding 
electrode  is  formed,  and  the  input  electrode  5  and  the  40 
output  electrode  6  are  connected  to  an  external  circuit, 
for  example,  by  wire  bonding. 
[0005]  In  the  comb-line  filter  including  a  distributed 
constant  line  1  constructed  in  such  a  way,  a  signal  input 
through  the  input  electrode  5  is  input  into  a  resonance  45 
circuit  made  up  of  the  microstrip-line  resonators  3  and  4 
through  a  capacitance  for  attenuation  pole  formed  by  a 
pair  of  comb-like  electrodes  7,  and  only  frequencies 
close  to  an  intended  frequency  resonate  and  signals  of 
other  frequencies  are  reflected.  A  resonant  signal  in  the  so 
resonance  circuit  made  up  of  the  microstrip-line  resona- 
tors  3  and  4  is  output  from  the  output  electrode  6 
through  a  capacitance  formed  by  the  pair  of  comb-like 
electrodes  8.  In  this  way  the  comb-line  filter  including  a 
distributed  constant  line  1  functions  as  a  band-pass  fil-  55 
ter. 
[0006]  In  Fig.  8,  the  passing  characteristic  of  the 
comb-line  filter  including  a  distributed  constant  line  1  is 

shown.  In  Fig.  8,  Characteristic  x  shows  an  insertion 
loss  and  a  band-pass  characteristic  in  which  the  inser- 
tion  loss  is  decreased  in  the  pass-band  a  around  2  GHz. 
Further,  the  portions  having  the  insertion  losses 
increased  on  the  both  sides  of  the  pass-band  a  are 
caused  by  a  capacitance  for  attenuation  pole  which  is 
formed  by  the  pair  of  comb-like  electrodes  9  in  Fig.  7. 
[0007]  However,  in  the  above-mentioned  comb-line  fil- 
ter  including  a  distributed  constant  line  1  ,  there  was  a 
problem  that  as  shown  in  Fig.  8,  only  an  attenuation 
value  of  about  18  dB  is  attained  in  the  rejection  bands  b 
on  the  both  sides  of  the  pass-band  a  and  accordingly  a 
sufficient  attenuation  characteristic  can  not  be  obtained. 

SUMMARY  OF  THE  INVENTION 

[0008]  The  present  invention  is  intended  to  solve  the 
above-mentioned  problem,  and  presents  a  comb-line  fil- 
ter  including  a  distributed  constant  line  having  an  atten- 
uation  value  increased  in  the  rejection  band. 
[0009]  A  preferred  embodiment  of  the  present  inven- 
tion  provides  a  comb-line  filter  including  a  distributed 
constant  line,  comprising:  a  plurality  of  resonators  each 
comprising  said  distributed  constant  line  having  an 
open  end  and  a  grounding  end;  a  first  grounding  elec- 
trode  connected  to  each  of  said  grounding  end  of  said 
resonators;  at  least  two  of  said  resonators  put  in  proxim- 
ity  to  each  other  and  arranged  side  by  side;  an  input 
electrode  and  an  output  electrode  respectively  capaci- 
tance-coupled  to  two  of  said  open  ends  of  said  resona- 
tors  which  are  located  the  farthest  from  each  other;  and 
a  second  grounding  electrode  capacitance-coupled  to 
said  input  electrode  and  said  output  electrode  threrebe- 
tween. 
[001  0]  The  above  described  comb-line  filter  is  able  to 
have  a  larger  attenuation  value  in  the  rejection  band. 
[001  1  ]  In  the  above  described  comb-line  filter,  said 
second  grounding  electrode  and  said  input  electrode 
and  output  electrode  may  be  arranged  in  proximity  to 
each  other.  Or,  they  may  be  arranged  through  a  pair  of 
comb-like  electrodes  comprising  two  mated  comb-like 
electrodes  facing  each  other  respectively.  Or,  They  may 
be  arranged  through  a  pair  of  MIM  electrodes  compris- 
ing  two  plane  shaped  electrodes  sandwiching  an  insu- 
lating  material  therebetween. 
[001  2]  According  to  the  above  structure,  it  is  possible 
to  make  the  attenuation  value  increased  in  the  rejection 
band  and  to  make  the  second  grounding  electrode 
small-sized. 
[001  3]  Other  features  and  advantages  of  the  present 
invention  will  become  apparent  from  the  following 
description  of  the  invention  which  refers  to  the  accom- 
panying  drawings. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0014] 

Fig.  1  shows  the  construction  of  a  preferred  embod-  s 
iment  of  a  comb-line  filter  including  a  distributed 
constant  line  according  to  the  present  invention. 
Fig.  2  shows  the  passing  characteristic  of  the  filter 
shown  in  Fig.  1  . 
Fig.  3  shows  the  construction  of  another  preferred  to 
embodiment  of  a  comb-line  filter  including  a  distrib- 
uted  constant  line  according  to  the  present  inven- 
tion. 
Fig.  4  shows  the  construction  of  further  another 
preferred  embodiment  of  a  comb-line  filter  including  ts 
a  distributed  constant  line  according  to  the  present 
invention. 
Fig.  5  shows  the  construction  of  further  another 
preferred  embodiment  of  a  comb-line  filter  including 
a  distributed  constant  line  according  to  the  present  20 
invention. 
Fig.  6  shows  the  construction  of  further  another 
preferred  embodiment  of  a  comb-line  filter  including 
a  distributed  constant  line  according  to  the  present 
invention.  25 
Fig.  7  shows  the  construction  of  a  conventional 
comb-line  filter  including  a  distributed  constant  line. 
Fig.  8  shows  the  passing  characteristic  of  the 
comb-line  filter  shown  in  Fig.  7. 

30 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

[001  5]  In  Fig.  1  ,  one  preferred  embodiment  of  a  comb- 
line  filter  including  a  distributed  constant  line  according  35 
to  the  present  invention  is  shown.  In  Fig.  1  ,  the  portions 
identical  or  equivalent  to  those  in  Fig.  7  are  given  the 
same  reference  numerals  and  their  explanation  is  omit- 
ted. 
[0016]  In  Fig.  1,  the  comb-line  filter  10  has  a  second  40 
grounding  electrode  1  1  ,  and  one  end  1  1a  of  the  second 
grounding  electrode  1  1  is  protruded  toward  the  side  of 
an  input  electrode  5  and  arranged  close  to  the  input 
electrode  5  through  a  gap  1  2.  Also,  the  other  end  1  1  b  of 
the  second  grounding  electrode  1  1  is  protruded  toward  45 
the  side  of  an  output  electrode  6  and  arranged  close  to 
the  output  electrode  6  through  a  gap  13.  In  this  way,  by 
giving  the  grounding  electrode  1  1  in  proximity  to  the 
input  electrode  5  and  the  output  electrode  6,  a  ground- 
ing  capacitance  is  formed  therebetween.  so 
[0017]  In  Fig.  2,  the  passing  characteristic  of  the 
comb-line  filter  10  is  shown.  Fig.  2  shows  the  insertion 
loss,  and  the  portions  identical  or  equivalent  to  those  in 
Fig.  8  are  given  the  same  reference  numerals  and  their 
explanation  is  omitted.  55 
[0018]  In  Fig.  2,  the  characteristic  x  shows  the  inser- 
tion  loss  of  a  comb-line  filter  1  of  a  conventional  exam- 
ple,  and  the  characteristic  y  shows  the  insertion  loss  of 

a  comb-line  filter  10  according  to  the  present  invention. 
As  understood  by  comparing  the  characteristic  x  and 
characteristic  y,  although  both  of  them  show  almost  the 
same  characteristics  in  the  passing  band,  in  the  rejec- 
tion  band  the  characteristic  y  has  an  attenuation  value 
of  nearly  28  dB,  or  nearly  10  dB  larger  than  that  of  the 
characteristic  x,  that  is,  the  characteristic  y  has  been 
improved. 
[001  9]  Thus,  by  giving  the  grounding  electrode  1  1  in 
proximity  to  the  input  electrode  5  and  the  output  elec- 
trode  6  to  form  a  grounding  capacitance  therebetween, 
the  attenuation  value  in  the  rejection  band  b  can  be 
improved. 
[0020]  Now,  in  Fig.  1  the  second  grounding  electrode 
1  1  is  arranged  close  to  the  input  electrode  5  and  output 
electrode  6  only  at  one  end  11a  and  the  other  end  1  1b 
of  the  second  electrode  11  to  provide  a  grounding 
capacitance,  but  as  shown  in  a  comb-line  filter  20 
including  a  distributed  constant  line,  the  entire  portion  of 
a  second  grounding  electrode  21  of  a  nearly  rectangular 
form  can  be  provided  close  to  the  input  electrode  5  and 
output  electrode  6.  In  this  case,  the  capacitance 
between  the  input  electrode  5  and  output  electrode  6 
and  the  second  grounding  electrode  21  can  be  made 
larger,  and  therefore  the  attenuation  value  in  the  rejec- 
tion  band  b  is  able  to  be  further  increased.  Further,  in 
Fig.  3,  the  portions  identical  or  equivalent  those  in  Fig.  1 
are  given  the  same  reference  numerals  and  their  expla- 
nation  is  omitted. 
[0021]  Further,  in  Fig.  1  the  input  electrode  5  and  the 
output  electrode  6  are  connected  through  a  capacitance 
for  attenuation  pole  formed  by  a  pair  of  comb-like  elec- 
trodes  9  made  up  of  two  mated  comb-like  electrodes 
facing  each  other,  but  as  shown  in  a  comb-line  filter  30 
including  a  distributed  constant  line  in  Fig.  4,  it  is  possi- 
ble  to  eliminate  the  portion  connecting  the  input  elec- 
trode  5  and  the  output  electrode  6  which  forms  a 
capacitance  for  attenuation  pole.  And  in  this  case,  the 
same  working-effect  as  in  Fig.  1  is  shown  also.  More,  in 
Fig.  4,  the  portions  identical  or  equivalent  to  those  in 
Fig.  1  are  given  the  same  reference  numerals,  and  their 
explanation  is  omitted. 
[0022]  In  Fig.  5,  further  another  embodiment  of  a 
comb-line  filter  including  a  distributed  constant  line 
according  to  the  present  invention  is  shown.  In  Fig.  5, 
the  portions  identical  or  equivalent  to  those  in  Fig.  1  are 
given  the  same  reference  numerals  and  their  explana- 
tion  is  omitted.  In  Fig.  5,  one  end  11a  protruded  toward 
the  side  of  an  input  electrode  5,  of  the  second  grounding 
electrode  1  1  of  the  comb-line  filter  including  a  distrib- 
uted  constant  line  40  and  the  input  electrode  5  are  con- 
nected  through  a  pair  of  comb-like  electrodes  41  made 
up  of  two  mated  comb-like  electrodes  facing  each  other. 
Further,  the  other  end  1  1  b  protruded  toward  the  side  of 
an  output  electrode  6,  of  the  second  grounding  elec- 
trode  11  and  the  output  electrode  6  are  connected 
through  a  pair  of  comb-like  electrodes  42  made  up  of 
two  mated  comb-like  electrodes  facing  each  other. 
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[0023]  In  this  way,  by  connecting  the  input  electrode  5 
and  output  electrode  6  and  the  second  grounding  elec- 
trode  1  1  through  a  pair  of  comb-like  electrodes  41  and 
42,  a  grounding  capacitance  therebetween  is  provided, 
and  the  same  working-effect  as  in  Fig.  1  can  be 
obtained.  Further,  because  this  case  allows  a  pair  of 
comb-like  electrodes  of  a  small  area  to  have  a  large 
grounding  capacitance  in  the  same  manner  as  the 
comb-line  filter  including  a  distributed  constant  line  20  in 
Fig.  3,  it  is  possible  to  make  the  attenuation  value 
increased  in  the  rejection  band  or  to  make  the  second 
grounding  electrode  mall-sized. 
[0024]  In  Fig.  6,  further  another  embodiment  of  a 
comb-line  filter  including  a  distributed  constant  line 
according  to  the  present  invention  is  shown.  In  Fig.  6, 
the  portions  identical  or  equivalent  to  those  in  Fig.  1  are 
given  the  same  reference  numerals,  and  their  explana- 
tion  is  omitted.  In  Fig.  6,  one  end  1  1a  protruded  toward 
the  side  of  an  input  electrode  5,  of  a  second  grounding 
electrode  1  1  of  the  comb-line  filter  50  including  a  distrib- 
uted  constant  line  and  the  input  electrode  5  are  con- 
nected  through  a  pair  of  MIM  electrodes  made  up  of  two 
plane  electrodes  laid  one  on  top  of  the  other  and  sand- 
wiching  an  insulating  material  51a  therebetween.  Fur- 
ther,  the  other  end  1  1b  protruded  toward  the  side  of  an 
output  electrode  6,  of  the  second  grounding  electrode 
1  1  and  to  the  output  electrode  6  are  connected  through 
a  pair  of  MIM  electrodes  52  made  up  of  two  plane  elec- 
trodes  laid  one  on  top  of  the  other  and  sandwiching  an 
insulating  material  52a.  Here,  MIM  is  the  abbreviation  of 
metal  insulator  metal  and  shows  the  construction  of  two 
metal  layers  sandwiching  one  insulator  layer  to  form  a 
capacitance.  Furthermore,  because  the  comb-line  filter 
50  is  able  to  have  a  large  grounding  capacitance  in  the 
same  manner  as  the  comb-line  filter  40  in  Fig.  5,  it  is 
possible  to  make  the  attenuation  value  increased  in  the 
rejection  band  or  to  make  the  second  grounding  elec- 
trode  small-sized. 
[0025]  In  this  way,  by  connecting  the  input  electrode  5 
and  output  electrode  6  and  the  second  grounding  elec- 
trode  11  through  a  pair  of  MIM  electrodes  51  and  52 
respectively  to  provide  a  grounding  capacitance  there- 
between,  the  same  working-effect  as  in  Fig.  1  can  be 
obtained. 
[0026]  More,  in  each  of  the  embodiments  described 
above,  the  comb-line  filter  including  a  distributed  con- 
stant  line  was  composed  of  two  microstrip-line  resona- 
tors  each  comprising  a  distributed  constant  line,  but  the 
number  of  microstrip-line  resonators  is  not  limited  to  two 
and  three  or  more  microstrip-line  resonators  can  be 
also  used  for  construction.  Further,  in  each  of  the 
embodiments  described  above,  microstrip-line  resona- 
tors  were  meanderingly  bent,  but  these  can  take  a  dif- 
ferent  form  such  as  a  linear  form,  a  spiral  form,  etc. 
Furthermore,  in  each  of  the  embodiments  described 
above,  microstrip-line  resonators  each  comprising  a 
distributed  constant  line  were  used,  but  another  distrib- 
uted  constant  line  such  as  a  stripline  resonator  can  be 

also  used. 
[0027]  While  the  invention  has  been  particularly 
shown  and  described  with  reference  to  preferred 
embodiments  thereof,  it  will  be  understood  by  those 

5  skilled  in  the  art  that  the  forgoing  and  other  changes  in 
form  and  details  may  be  made  therein  without  departing 
from  the  spirit  of  the  invention. 

Claims 
10 

1.  A  comb-line  filter  (10;  20;  30;  40;  50)  including  a 
distributed  constant  line,  comprising: 

a  plurality  of  resonators  (3,  4)  each  comprising 
15  said  distributed  constant  line  having  an  open 

end  and  a  grounding  end; 
a  first  grounding  electrode  (2)  connected  to 
each  of  said  grounding  end  of  said  resonators 
(3,  4); 

20  at  least  two  of  said  resonators  (3,  4)  put  in  prox- 
imity  to  each  other  and  arranged  side  by  side; 
an  input  electrode  (5)  and  an  output  electrode 
(6)  respectively  capacitance-coupled  to  two  of 
said  open  ends  of  said  resonators  (3,  4)  which 

25  are  located  the  farthest  from  each  other;  and 
a  second  grounding  electrode  (1  1  ;  21)  capaci- 
tance-coupled  to  said  input  electrode  (5)  and 
said  output  electrode  (6)  threrebetween. 

30  2.  The  comb-line  filter  (20)  according  to  claim  1, 
wherein  said  second  grounding  electrode  (21)  and 
said  input  electrode  (5)  and  output  electrode  (6)  are 
arranged  in  proximity  to  each  other. 

35  3.  The  comb-line  filter  (40)  according  to  claim  1, 
wherein  said  second  grounding  electrode  (1  1)  and 
said  input  electrode  (5)  and  output  electrode  (6)  are 
arranged  through  a  pair  of  comb-like  electrodes 
(41,  42)  comprising  two  mated  comb-like  elec- 

40  trades  facing  each  other  respectively. 

4.  The  comb-line  filter  (50)  according  to  claim  1, 
wherein  said  second  grounding  electrode  (1  1)  and 
said  input  electrode  (5)  and  output  electrode  (6)  are 

45  arranged  through  a  pair  of  MIM  electrodes  (51  ,  52) 
comprising  two  plane  shaped  electrodes  sandwich- 
ing  an  insulating  material  (51a,  52a)  therebetween. 

5.  The  comb-line  filter  (10;  20;  30;  40;  50)  according  to 
so  claim  1  ,  wherein  said  distributed  constant  line  is  a 

microstrip-line. 

6.  The  comb-line  filter  (10;  20;  30;  40;  50)  according  to 
claim  1  ,  wherein  said  distributed  constant  line  is  a 

55  stripline. 
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